Ellipsometers permit the measurement of the phase between s and p polarizations with high accuracy. However, for some applications such high accuracy is not required. A configuration based on a grating interferometer is an attractive solution that permits, with the use of a polarizer and a ferroelectric liquidcrystal retarder, the measurement of the phase between s and p polarizations after diffraction by gratings. This device can f ind applications in the f ield of optical f iber sensors. © 1995 Optical Society of America
The theory of a field diffracted by gratings is now well known. 1 -4 Many studies have been carried out to increase the efficiency of gratings for spectrometric measurements. However, for most applications only the intensity of the diffracted wave is measured, and the phase between the incident and the diffracted fields is not taken into account. Nevertheless, in order to solve the inverse problem 5 and to determine the physical parameters (spacing, shape, complex indices) of gratings, it may be useful to know the phase change after diffraction for TE and TM polarizations. This problem has been studied theoretically, and experimental devices based mostly on ellipsometric arrangements have permitted conf irmation of the results obtained by numerical simulations. It has been shown that, for TM polarization and for metallic gratings, the phase change after diffraction varies rapidly near the plasmon resonances. 1, 2, 4 We describe a conf iguration based on a grating interferometer 6 that permits measurement of the phase change after diffraction between TE and TM polarizations. This configuration, which is easy to set up, makes it possible to perform the measurement without the sophisticated calibration process required in conventional ellipsometers. Moreover, so that critical adjustments can be avoided, the change of polarization state in one arm of the interferometer is obtained with no moving parts. The experimental results obtained with ruled metallic gratings are presented: the possibility of using this device as a receiver interferometer for a network of optical fiber sensors is demonstrated.
The grating interferometer shown in Fig. 1 is illuminated by a collimated beam with monochromatic radiation whose wavelength is l 0 . The two gratings, G 1 and G 2 , are in Littrow mounts for wavelength l 0 . The grooves of G 1 and G 2 are parallel. In this case the wave fronts after diffraction by the gratings are parallel, and the grating interferometer is equivalent to a Michelson interferometer with a uniformly illuminated field of interferences. G 1 and G 2 are in Littrow mounts for the diffracted orders n and m, respectively, and these ref lected orders interfere after passing through beam splitter BS. We can change n and m by rotating G 1 and G 2 around a vertical axis. The output light is then focused onto detector D. The ferroelectric liquid-crystal cell, C, is used to rotate the linear polarization given by polarizer P, which is parallel to the grooves of G 1 and G 2 . For an applied voltage V 1 , C is a half-wave birefringent plate whose ordinary axis is parallel to the input polarization. This implies that the two incident beams on the gratings are s polarized. The length of one arm of the interferometer is modulated by a voltage ramp applied to piezoelectric transducer, PZT. Assuming that the BS is a 50͞50 beam splitter for TE polarization and that the interferometer is perfectly adjusted, the signal recorded at the output of D is 
with f n TE1 and f m TE2 the phase differences between the incident field and the field diffracted by G 1 in Littrow order n and by G 2 in Littrow order m, respectively, for TE polarization. To obtain Eq. (1) we have to neglect the ref lection and the transmission losses. In Eq. (1) t is time and
is the difference between the lengths of the two arms of the interferometer, with L 0 the value of L at t 0. For an applied voltage V 2 , the ordinary axis of C rotates by 45 ± with respect to the first state. In this case, G 1 is illuminated by a TE polarization, while G 2 sees an incident TM polarization. After the counterpropagating wave is ref lected by G 2 and passes through C, its polarization changes to TE. The two diffracted waves interfere, and the signal recorded at the output of D is
where
where f m TM2 is the phase difference between the incident field and the field diffracted by G 2 for TM (2) and (4) give F m with
which is the phase difference between TE and TM polarizations after diffraction by G 2 . For a given incidence angle, F m depends only on the optogeometrical characteristics of G 2 . Thus the grating interferometer permits F m to be measured. The interference contrast given by the modulation amplitude of S 1 and S 2 permits one to calculate the ratio The experimental results obtained with an argon laser emitting at l 0 514.5 nm and two ruled echelette metallic gratings from Jobin Yvon with a spacing p ഠ 0.83 mm and a blaze angle i 17
0 for the wavelength l 1 500 nm are shown in Fig. 2 . Cell C, which is obtained from a Displaytech PV100 shutter, is a half-wave plate for l 0 . The gratings are symmetric with respect to beam splitter BS so that G 1 and G 2 are illuminated with the same incidence angle. In this way the waves that interfere correspond to the same diffraction order ͑n m͒. Signals S1 and S2 are recorded as a function of time. The applied voltage on C is changed from V 1 to V 2 between two voltage ramps applied to PZT. The shapes of the gratings used in the experiment are not symmetric, so there are four Littrow orders: two 22 Littrow orders and two 21 Littrow orders for l 0 , which correspond to different grating eff iciencies and different values of F m . Figure 2 shows the experimental records of S1 and S2 obtained with m 22 and m 21. The results obtained are given in Table 1 . The results obtained when G 2 is used at normal incidence ͑m 0͒ are also given in Table 1 . To validate the principle of operation, we replaced G 2 by a metallic mirror, and, as expected, no phase variation between S1 and S2 was detected.
In conclusion, we have demonstrated that the described conf iguration based on a grating interferometer is well suited for the measurement of the phase difference between TE and TM polarizations after diffraction by gratings. Moreover, as in the case with spectroscopic ellipsometers, this conf iguration is compatible with a scanning wavelength measurement. In this case, a nematic liquid-crystal variable retarder should be used as cell C. The results obtained with a conf iguration composed of two gratings with nearly the same optogeometrical characteristics have been presented, but the method can be extended to other conf igurations. However, in order to obtain a high contrast, it is preferable to use a conf iguration in which the eff iciency of G 1 is close to that of G 2 . Certainly the proposed scheme does not have the accuracy of a conventional ellipsometer, because the polarization properties (retardation and principal axis rotation) of the liquid-crystal cell are assumed beforehand. For an increase in accuracy, numerical processing of the recorded signals is required. In this case the characteristics of the cell, measured before the experiment, have to be taken into account. Recently the results obtained when a grating interferometer was used as a demodulator for optical fiber sensors with coherence multiplexing were presented. 7 This device, which is well suited for the demodulation of a high number of sensors, 8 suffers from a severe drawback because of the amplitude dependence of the output signal with respect to the optical path differences of the sensors. This effect can make the measurement impossible. The conf iguration presented here should permit one to solve this problem.
